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57 ABSTRACT 
The invention relates to a quadrupole for resistive 
matching of a reactance of the RLC type connected in 
series or in parallel, which permits to compensate for 
the loss of gain of an amplifier as the frequency rises, in 
a manner independent of the frequency. This quadru 
pole comprises two impedance circuits Z1 and Z2 in 
series between an input terminal and an output terminal, 
and in parallel with these, a third impedance circuit Z3. 
It also comprises a fourth impedance circuit Z4 con 
nected between the point common to the first two cir 
cuits Z1, Z2 and the point common to the two other 
terminals of the quadrupole. The reactance which is to 
be matched is Z3 if it is of the RLC type connected in 
parallel. It is Z4 if it is of the RLC type connected in 
series. The values of the three other impedances Z1, Z2 
and Z4 or Z3 are related so that the input impedance 
may be equal to the output impedance. 

9 Claims, 14 Drawing Figures 

--------   
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1. 

QUADRUPOLE FORMATCHING OFA 
REACTANCE, INDEPENDENTLY OF THE 

OPERATING FREQUENCY 

BACKGROUND OF THE INVENTION 

The present invention relates to a device, of the resis 
tive matching quadrupole type, for matching, a reac 
tance of the resistance/inductance/capacitance type (in 
series or in parallel), and providing a standing wave 
ratio equal to zero or very low in all cases, irrespective 
of the input frequency, within a very wide range of 
frequencies. The invention is more particularly applica 
ble to microwaves (hyperfrequencies) and the reactance 
matched advantageously consists of a transistor or of a 
microwave amplifier. 

In the microwave range, the utilization of bipolar 
transistors or of field effect transistors of gallium arse 
nide or elements of groups III-V, is ever more wide 
spread, for several reasons: 

simplicity of application, 
low supply voltages, 
high gains, 
very high cut off frequency. 
Furthermore, the design of microwave amplifiers of 

the very wide band transistor type, offers considerable 
interest, especially for satellite communications equip 
ment, instrumentation, countermeasure and other 
equipment. 

Producing an amplifier having a uniform gain 
throughout a wide band, makes it necessary however to 
compensate for the loss of gain of the transistors as the 
frequency rises. 
For comparatively small bandwidths, of the order of 

an octave or less, the design of an amplifier of this na 
ture is based on the techniques for production of loss 
free filters, for calculation of the impedance matchers at 
the input and output of the amplifier, these matches 
may, like the transistors or amplifiers, be likened to 
quadrupoles. Arranging several amplifier stages in cas 
cade with such matching quadrupoles is very difficult 
because the input and output standing wave ratios 
(SWR) may be very large, especially at low frequency, 
within the frequency band. As a matter of fact, if the 
gain of a transistor is attenuated at low frequencies in 
order to secure a uniform gain, the reflected wave re 
sulting therefrom modifies the input impedance of the 
transistor. 
On the other hand, the utilization of amplifiers of the 

"balanced' type assures availability of an amplifier well 
adapted as regards SWR over a wide range of frequen 
cies. In this case, two identical amplifiers are situated 
between so-called "90' 3 dB’ hybrid couplers. The 
power reflected at the input and output of each of the 
two individual amplifiers is absorbed by the load ap 
plied to the isolated output of the 90' coupler. Low 
SWR values are consequently assured, and the amplifi 
ers may be connected in cascade. 
The greatest limitation for a "balanced' amplifier 

derives primarily from the coupler. In the present state 
of technology, the amplification band of a balanced 
stage is limited to about 2 octaves. Furthermore, a bal 
anced stage requires twice the D.C. biasing power as 
compared to a single matched stage, since there are two 
amplifiers in parallel. 
Three layouts may be utilized to obtain wide band 

amplifiers with single matched stages: 
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2 
feedback amplifiers, 
resistive matching amplifiers, 
distributed amplifiers. 
However, the input/output SWR values are not very 

satisfactory in these three cases, acting against connect 
ing several stages in cascade. In the case of the resistive 
matching amplifier, it becomes even necessary to calcu 
late all the combined stages. 

SUMMARY OF THE INVENTION 
The invention consequently relates to a resistive 

matching quadrupole which: 
compensates for the loss of gain of a transistor or of 
an amplifier as the frequency rises, 

provides a SWR value at the input and/or output, 
which is approximately equal to one, to the extent 
that the equivalent layout of the matched transistor 
is known, and this in a manner unaffected by the 
frequency, within a wide range of frequencies. 

A quadrupole in accordance with the invention con 
sequently offers a reactance-free pure impedance at the 
input and/or output. 
The most interesting case of application of the 

matcher according to the invention is that of a transis 
tor, but since a transistor is a resistance-inductance 
capacitance circuit RLC, the quadrupole according to 
the invention is equally applicable and in more general 
manner to the impedance matching of any reactance. 
The quadrupole according to the invention, having 

an input impedance Ze and an output impedance Zo 
combines three impedance circuits Z1,Z2,Z3 between a 
first input terminal and a first output terminal: the cir 
cuits Z1 and Z2 are in series between the said two input 
and output terminals, and the circuit Z3 is in parallel 
with the circuits Z1 and Z2 between the same two input 
and output terminals. A fourth impedance circuit Z4 is 
connected between the junction point of the circuits Z1 
and Z2 and the point common to the second input termi 
nal and the second output terminal. The device of 
which the impedance is to be matched forms: 

either the impedance circuit Z3 situated between the 
first input and output terminals if the device to be 
matched is of the RLC in parallel type, 

or the impedance circuit Z4 situated between the 
junction point between the circuits Z1 and Z2 and 
the point common to the second input and output 
terminals, if the device to be matched is of the RLC 
in series type. 

One of the impedances, Z3 or Z4, being necessarily 
that of the device which is to be matched, the other 
three are linked by the relationship: 

if Zo-Ze, so that the impedance matching may be inde 
pendent of the frequency and that the power dissipated 
may be selective, in such a manner as to eliminate the 
waves reflected at the low frequencies of the frequency 
range. 
In a more specific manner, the invention consists in a 

quadrupole for matching of a reactance independently 
of the operating frequency, this quadrupole having an 
input impedance Zebetween its two input terminals and 
an output impedance Zo between its two output termi 
nals, and being characterized in that it comprises: 

first and second circuits in series, having the impe 
dance Z1 and Z2 respectively, and a third circuit 
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having the impedance Z3 in parallel with the two 
aforesaid circuits, connected between a first input 
terminal and a first output terminal, 

a fourth circuit of impedance Z4 connected between 
the point common to the first two circuits and the 
point common to the second input terminal and the 
second output terminal, at least one of the third or 
fourth impedances being that of the reactance 
which is to be matched, the values of these four 
impedances being related in such a manner that the 
quadrupole offers at its input and output terminals, 
a pure impedance (resistance) and a reactance 
equal to zero independently of the operating fre 
quency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention will be ob 
tained from the following description of several en 
bodiments taken in conjunction with the accompanying 
drawings, in which: 
FIG. 1 illustrates a general arrangement block dia 

gram of the matching quadrupole according to the in 
vention, 

FIG. 2 illustrates a first solution of the arrangement 
of FIG. 1, in the case in which the device to be matched 
is of the series-connected RLC type, 

FIG. 3 is a graph showing the power absorbed in the 
device to be matched as a function of the resonance 
frequency of the preceding arrangement, 

FIG. 4 illustrates a second solution of the arrange 
ment of FIG. 1, in the case in which the device to be 
matched is of the series-connected RLC type, 
FIGS. 5 and 6 illustrate two solutions of the arrange 

ment of FIG. 1, in the case in which the device to be 
matched is of the connected parallel RLC type, 
FIG. 7 illustrates a circuit diagram equivalent to FIG. 

2, for input matching to a field-effect transistor, 
FIG. 8 illustrates an arrangement in hybrid or mono 

lithic form of FIG. 7, 
FIGS. 9 to 12 illustrate circuit diagrams for output 

matching to a field-effect transistor, in accordance with 
four embodiments of the invention, 
FIG. 13 illustrates an arrangement in hybrid or mono 

lithic form of FIG. 9; and 
FIG. 14 illustrates a circuit diagram of a travelling 

wave amplifier, utilizing the matching quadrupole in 
accordance with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENTS 

The general arrangement of the matcher according to 
the invention is shown in the block diagram of FIG. 1. 
Between two input terminals 1 and 2, between which 

exists an input impedance Ze, and two output terminals 
3 and 4 between which exists an output impedance Zo, 
the matcher combines four inpedances Z1,22,Z3.24. 
The impedance Z1 and Z2 are connected in series be 
tween the first input terminal 1 and the output terminal 
3, and the impedance Z3 is connected in parallel with 
Z1 and Z2 between the same terminals and 3. The 
impedance Z is connected between the point 5 com 
mon to the impedances Z1 and Z2 and the point 6 com 
mon to the second input terminal 2 and output terminal 
4. 
The matcher as such comprises no more than three 

impedances, including at least Z1 and Z2. The device of 
which the input impedance Zeisintended to be matched 
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4 
in a manner such that it is equal to the output impedance 
Zo, comprises: 

either the impedance Z3 if the equivalent diagram of 
the said device is a resistance-inductance-capaci 
tance circuit in parallel, as indicated on the block 
Z3 of FIG. 1, 

or the impedance Z4 if the equivalent diagram of the 
said device is a resistance-inductance-capacitance 
circuit in series, as indicated on the block Z4 of 
FIG. 1, 

The branch Z3 or the branch Z4 being imposed by the 
nature of the device of which the impedance is to be 
matched, the other two branches are calculated: Z1,22 
and Z4 if Z3 is mandatory; Z1,22 and Z3 if Z4 is manda 
tory. 

In the case in which an iterative impedance is re 
quired, that is to say for example retaining the same 
value between the different stages of an amplifier, 
which is denoted by Z3=Zo, the impedances of the 
matcher and of the device which is to be adapted are 
linked by the relationship: 

which relationship will be referred to as "equation A” 
in the following. This relationship is independent of the 
frequency, and the matcher appears, at its input and 
output terminals, as a reactance-free pure impedance. 

First case: matching of a device having an equivalent 
series-connected RLC arrangement. The impedance of 
a device of this kind is given by the general formula 

in which 
r= the resistance of the device, 
1= the inductance of the device, for example that of 

the connection wires, 
C=the capacitance of the device, 
o=the pulsation 
j=a constant. 
By insertion into the equation A and by imposing the 

condition that Z must be unaffected by the input fre 
quency, several solutions are possible. One solution is 
illustrated in FIG. 2 with the value of the elements as 
functions of the load Z4: the components forming the 
impedances ZZ2,Z3 then have the following respec 
tive values: 

ZoC 
L1 = -- (Zo-r) 

ZC 
L2 - - - (Z - r) 

craz 

and the inductance of the connecting wires is: 

1-- (2 F-c 
CW2 4 

In this case, the input impedance is constant irrespec 
tive of the frequency, and equal to Zo. The power P1 
dissipated in the resistancer of the device as a function 
of the frequency, which is very small a low frequencies, 
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increases up to a maximum value for the resonance 
frequency fo, so that 

f = 1 where max- = 4r2o 
* T 4try(L1 + L2) Pinput ( - Zo)2 

this value being independent of the resonance frequency 
fo since this power decreases for frequencies exceeding 
fo. Since the value of the capacitance y depends on the 
value 1 of the inductance of the device which is to be 
matched, it is possible to modify the resonance fre 
quency fo and consequently to modify the slope of the 
power absorbed in the resistancer, by altering the value 
of this inductancel. This is what is shown in FIG. 3: by 
modifying the inductance valuel, the slope of the curve 
is modified, and consequently so is the power absorbed 
by the device. The standing wave ratio is nearly equal 
to one or very small independent of the input frequency. 
Similarly, the phase shift caused by the matcher cell at 
the frequency fo between the incoming and outgoing 
waves amounts to 180. 
FIG. 4 illustrates a second solution of this first case, 

according to the which the components forming the 
impedances Z1,22 and Z3 are interchanged; Inductance 
L instead of capacitance y, and capacitances y1 and y2 
instead of the inductances L1 and L2. These components 
are linked by the relationships: 

Z. 
-- -- (Z + r.) 

1 Zo 
-- = a- (Z. - ) 
--- Z? - r2 -- 
L 4IZ? CZ? 

so that Ze=Zo. 
Second case: matching of a device having an equiva 

lent in-parallel RLC arrangement. 
The equation A may be transcribed into admittances 

and converted into the following form, which will be 
described as "equation B': 

This equation B has precisely the same form as equation 
A with permutation of the part played by the elements 
3 and 4, the admittance Yo in this equation B corre 
sponding to the impedance Z in equation A. 
The admittance Y3 of the device to be matched is 

given by the general formula: 

1/r being equation to g. 
FIGS. 5 and 6 illustrate two matching arrangements 

without frequency limitation, of a device of which the 
equivalent diagram is RLC in parallel, forming the 
impedance Z3 in the general arrangement of FIG. 1. 

In the case of FIG. 5, which may be likened to FIG. 
2, the impedance Z1 and Z2 are formed by two induc 
tances L1 and L2 and the impedance Z4 is formed by a 
capacitancey, linked by the relationships: 
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-- R - (a o where Y = 1/Z. 

-- = -(Y,+) 
- = -- + Y2-g? 
y Y27 4CY2 

In the case of FIG. 6, which may be likened to FIG. 
4, the impedances Z1 and Z2 are formed by two capaci 
tances y1 and y2, and the impedance Z4 is formed by an 
inductance L, linked by the relationships: 

Yol 
y = -- (Y, - 

Y y --- (Y,+) 

The four arrangements of FIGS. 2, 4, 5 and 6 relate to 
active or passive devices which correspond to an equiv 
alent series-connected RLC arrangement or an in-paral 
lel RLC arrangement. The applications of these ar 
rangements are of special interest if the device whose 
impedance is to be matched is a transistor. 
A first example thereof is given by an embodiment of 

a wide band amplifier comprising field-effect transis 
tors. 

It has been stated in the foregoing that the production 
of an amplifier having a uniform gain over a very wide 
band makes it necessary to compensate the drop in gain 
with the frequency. Furthermore, so that several stages 
may be arranged in cascade, each stage should have a 
satisfactorily matched input impedance. The impedance 
matcher according to the invention assures both func 
tions at the same time: 
impedance matching irrespective of the frequency, 
selective dissipation of the power as a function of the 

frequency. 
The input impedance of a field-effect transistor on 

GaAs may be likened to an RLC series circuit, and for 
reasons of ease of biasing, the matching circuit of FIG. 
2 is that which is preferred for the construction of a 
hybrid or integrated amplifier. 
The drop in gain may be compensated by selecting 

the resonance frequncey fo, and it is possible thereby to 
obtain a uniform gain over a very wide passband with a 
very satisfactory input reflection coefficient. The field 
effect transistors commonly being utilized with the 
source grounded, the terminals 2 and 4 of the circuit are 
taken as the ground. 

FIG. 7 shows the circuit diagram of an amplifier 
stage matched as regards the input impedance, accord 
ing to the general diagram of FIG. 2, in which the 
field-effect transistor forms the impedance Z4 equiva 
lent to an RLC circuit in series, and the impedances 
Z1,Z2,Z3 respectively have the corresponding values 
L1,L2 and y defined in respect of FIG. 2. An amplifier 
stage of this kind has a gain of 4.5 dB plus or minus 0.5 
dB between 2 GHz and 14 GHz, thanks to the matching 
of the input SWR. 
An embodiment of this stage as a hybrid or mono 

lithic microelectronic circuit is illustrated in FIG. 8. 
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With respect to a metallic ground plane 7, the metalliza 
tions forming the inductances as L1 and L2, the capaci 
tancey and the resistance Zoare carried by an insulating 
substrate 8, whereas the output circuit of the transistor 
of which the body is insulated from the ground plane 7, 
is carried by an insulating substrate 9. If the amplifier 
stage is produced as an integrated circuit, the insulating 
regions 8 and 9 are obtained by corresponding tech 
niques: diffusion, implantation, etc. . . . . Depending on 
the values, the capacitance y produced by an "inter 
leaving” technique in this case, may be formed as a 
sandwich structure: metal-insulator-metal, known as an 
overlay structure. 
The output impedance of a bipolar or field-effect 

transistor being able to be likened to an RLC circuit in 
parallel, the impedance matcher according to the inven 
tion is equally applied for matching of the output impe 
dance. In this case, the one or the other of the matching 
circuits illustrated in FIGS. 5 and 6 are appropriate but, 
depending on whether the terminal 1 corresponds to the 
source or the drain of the transistor, this terminal 1 is 
then either grounded or the output of the matcher ac 
cording to the invention. FIGS. 9 to 12 illustrate the 
circuit diagrams of these four cases of output impedance 
matching. 

In the two cases of FIGS. 9 and 10 corresponding to 
FIGS. 5 and 6 respectively, inductances l are necessar 
ily in parallel with the drain-source impedance, which 
raises the risk of short-circuiting the biasing of the tran 
sistor. Consequently, these inductances should be de 
coupled by means of high-value capacitances in series, 
which complicates the circuits: these are the capaci 
tances marked 10. Furthermore, in both cases of FIGS. 
9 and 10, the source is no longer directly grounded and 
the input impedance can no longer be matched easily. 

Regarding the layouts of FIGS. 11 and 12, the source 
is grounded and the parallel inductancel may be decou 
pled by means of a high-value grounded capacitance 11, 
which makes biasing very easy over a very wide band. 

In the case of FIG. 11, the inductancel which corre 
sponds to the connecting wire of the transistor, may 
even be suppressed and the biasing may be performed 
by means of the two inductances L1 and L2. 
An embodiment of FIG. 11 formed by a microelec 

tronic or a monolithic technique, is shown in FIG. 13. 
In this case, the capacitance y is formed by means of 
interleaved metallization, whereas the two decoupling 
capacitances 11 are produced as a so-called metal 
insulator-metal overlay structure. 
A second embodiment of the impedance matcher 

according to the invention is given in FIG. 14: since 
there is an iterative impedance, it is possible to generate 
a periodic structure which is impedance matched at the 
input and output to the same impedance Zoby reason of 
the matcher according to the invention, and to produce 
a travelling wave amplifier in this manner. This ampli 
fier is conseqently formed by a plurality of cells con 
nected in cascade, each cell being formed by a quadru 
pole according to the invention, of which the output 
impedance Zo forms the input impedance Ze of the foll 
lowing quadrupole in the cascade. 
The input of this travelling wave amplifier occurs at 

the terminal 12, and the output at the terminal 13. For 
each amplifier stage, the values LL2 and y of the im 
pedances of the matcher according to the invention are 
calculated in order to obtain a uniform gain as a func 
tion of the frequency. 
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8 
If all the resonance frequencies for are identical for 

each stage, a "conventional' travelling wave structure 
is obtained, the power applied to each transistor de 
creasing along the structure. 
However, by utilizing the fact that the resonance 

frequency of each cell may be modified, it is possible by 
the so-called "taperization” technique, to assure equal 
ity of the power inputs into the transistors at the top of 
aband in order to obtain power amplifiers. Reverting to 
the statements made regarding the graph of FIG. 3, the 
power of each stage of the travelling wave amplifier is 
adjusted by acting on the value of the inductance 1 of 
each transistor as a function of the value of the capaci 
tance y which modifies the slope of the graph and by 
way of consequence the power absorbed for a fre 
quency f. In FIG. 14, the resonance frequencies fare a 
maximum at the side of the input terminal 12 and a 
minimum at the side of the output terminal 13. 
A travelling wave amplifier of this kind is preferably 

constructed in accordance with the quadrupole of FIG. 
2 since it allows an easier biasing of the transistors than 
with the quadrupole of FIG. 4. 
The impedance matcher in accordance with the in 

vention is defined by means of the following claims. 
I claim: 
1. A quadrupole for matching a reactance indepen 

dently of the operating frequency, said quadrupole pres 
enting an input impedance Ze between its two input 
terminals and an output impedance Zo between its two 
output terminals, comprising: 
between a first input terminal and a first output termi 

nal, a first circuit and a second circuit connected in 
series having impedances Z1 and Z2 respectively, 
and a third circuit having impedance Z3 connected 
in parallel with said first and second circuits; 

a fourth circuit having impedance Z4 connected be 
tween the point common to said first and second 
circuits and the point common to the second input 
terminal and the second output terminal, at least 
one of the third circuit or a fourth circuit being the 
reactance which is to be matched, the values of 
these four impedances being linked by the relation 
ship: 

so that Ze=Zo, the quadrupole appoaches a pure 
impedance and approaches a zero reactance at its 
input/output terminals, irrespective of the operat 
ing frequency. 

2. A matching quadrupole according to claim 1, 
wherein said third circuit is the reactance which is to be 
matched is equivalent to a circuit of the RLC resistance 
inductance-capacitance type in parallel. 

3. A matching quadrupole according to claim 1, 
wherein said fourth circuit is the reactance which is to 
be matched is equivalent to an RLC resistance-induc 
tance-capacitance circuit in series. 

4. A matching quadrupole according to claim i, 
wherein said fourth circuit is the reactance which is to 
be matched is equivalent to an RLC circuit in series, 
having a resistancer, and inductancel and a capacitance 
C, the first impedance circuit Z1 is an inductance of the 
value L1, the second impedance circuit Z2 is an induc 
tance of the value L2, the third impedance circuit Z3 is 
a capacitance of the value y, these three values being 
linked by the relationships 
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ZoC 
L = -- (Z-r) 

ZoC 
L2 = -- (Z, + ) 

y = Col'Z. 

1 (Z2-r)C 
= 

Coo’ 4. 

where y(L1-L2)oo?=1 c) being the angular velocity. 

10 

10 
ihaving the value L, these three values being linked by 
the relationships 

l 
y1 = -- (Y, - 

Y, y --- (Y,+) 
am L - is 
Y2 

where Yo= 1/Z and g = 1/r. 
8. A quadrupole for matching a reactance indepen 

5. A matching quadrupole according to claim 1, 15 dently of the operating frequency, said quadrupole pres 
wherein said fourth circuit is the reactance which is to 
be matched is equivalent to a series-connected RLC 
type circuit, having a resistancer, an inductance 1 and a 
capacitance C, the second impedance circuit Z2 is a 
capacitance of the value y2, the third impedance circuit 
Z3 is an inductance of the value L, these three values 
being linked by the relationships 

1. Zo 
- - - - - (Z, + ) 

1 Zo 
-- = -2, (Z - r) 

+ = a + -l 
L 4IZ? CZ? 

6. A matching quadrupole according to claim 1, 
wherein said third circuit is the reactance which is to be 
matched being equivalent to a circuit of the RLC type 
connected in parallel having a resistancer, an induc 
tancel and a capacitance C, the first impedance circuit 
is an inductance having the value L1, the second impe 
dance circuit Z2 is an inductance having the value L2, 
the fourth impedance circuit Z4 is a capacitor having 
the value y, these three values being linked by the rela 
tionships 

1. Y. -- = -(re-g) 
1 -- = -(Y,+g) 

4---- + - y Y21 4CY2 

where Yo=1/Z and g=1/r. 
7. A matching quadrupole according to claim 1, 

wherein said third circuit is the reactance which is to be 
matched is equivalent to a circuit of the RLC type 
connected in parallel, having a resistance r, an induc 
tance 1 and a capacitance C, the first impedance circuit 
Z1 is a capacitance having the value y1, the second 
impedance circuit Z2 is a capacitance having the value 
y2, the fourth impedance circuit Z4 is an inductance 
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enting an input impedance Ze between its two input 
terminals and an output impedance Z0 between its two 
output terminals, comprising: 
between a first input terminal and a first output cir 

cuit terminal, a first circuit and a second circuit 
connected in series, having impedances Z1 and Z2 
respectively, and a third circuit having an impe 
dance Z3 connected in parallel to said first and 
second circuits; 

a fourth circuit having impedance Z4 connected be 
tween the point common to said first and second 
circuits and the point common to the second input 
terminal and the second output terminal; 

said third circuit being the reactance which is to be 
matched, equivlanet to a circuit of the RLC resist 
ance-inductance-capacitance type in parallel; 

the values of these four impedances being linked by 
the relationship: 

so that Ze=Zo. 
9. A quadrupole for matching a reactance indepen 

dently of the operating frequency, said quadrupole pres 
enting an input impedance Ze between its two input 
terminals and an output impedance Zo between its two 
output terminals, comprising: 
between a first input terminal and a first output termi 

nal, a first circuit and a second circuit connected in 
series, having impedances Z1 and Z2 respectively, 
and a third circuit having an impedance Z3 con 
nected in parallel to said first and second circuits; 

a fourth circuit havin impedance Z4 connected be 
tween the point common to said first and second 
circuits and the point common to the second input 
terminal and the second output terminal; 

said fourth circuit being the reactance which is to be 
matched, equivalent to a circuit of the RLC resist 
ance-inductance-capacitance type in series; 

the values of these four impedances being linked by 
the relationship: 

so that Ze=Zo. 
k h g : 


